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Abstract 

Background: Streptococcus pneumoniae (Pnc), nontypeable Haemophilus influenzae (NTHi) and Moraxella catarrhalls 
(Meat) are the most important bacterial pathogens associated with otitis media (OM). Previous studies have 
suggested that early upper respiratory tract (URT) bacterial carriage may increase risk of subsequent OM. We 
investigated associations between early onset of URT bacterial carriage and subsequent diagnosis of OM in 
Aboriginal and non-Aboriginal children living in the Kalgoorlie-Boulder region located in a semi-arid zone of 
Western Australia. 

Methods: Aboriginal and non-Aboriginal children who had nasopharyngeal aspirates collected at age l-<3 
months and at least one clinical examination for OM by an ear, nose and throat specialist before age 2 years were 
included in this analysis. Tympanometry to detect middle ear effusion was also performed at 2- to 6-monthly 
scheduled field visits from age 3 months. Multivariate regression models were used to investigate the relationship 
between early carriage and subsequent diagnosis of OM controlling for environmental factors. 

Results: Carriage rates of Pnc, NTHi and Meat at age 1- < 3 months were 45%, 29% and 48%, respectively, in 66 
Aboriginal children and 14%, 5% and 18% in 146 non-Aboriginal children. OM was diagnosed at least once in 71% 
of Aboriginal children and 43% of non-Aboriginal children. After controlling for age, sex, presence of other bacteria 
and environmental factors, early nasopharyngeal carriage of NTHi increased the risk of subsequent OM (odds 
ratio = 3.70, 95% CI 1 .22-1 1 .23) in Aboriginal children, while Meat increased the risk of OM in non-Aboriginal 
children (odds ratio = 2.63, 95% CI 1 .32-5.23). Early carriage of Pnc was not associated with increased risk of OM. 

Conclusion: Early NTHi carriage in Aboriginal children and Meat in non-Aboriginal children is associated with 
increased risk of OM independent of environmental factors. In addition to addressing environmental risk factors for 
carriage such as overcrowding and exposure to environmental tobacco smoke, early administration of 
pneumococcal-/-/aemop/i/7L/5 influenzae D protein conjugate vaccine to reduce bacterial carriage in infants, may be 
beneficial for Aboriginal children; such an approach is currently being evaluated in Australia. 

Keywords: Otitis media. Aboriginal, Streptococcus pneumoniae, IHaemophilus influenzae, Moraxella catarrhalls 



(bmc 

Infectious Diseases 



* Correspondence: deborahl@ichr.uwa.edu.au 

'Division of Population Sciences, Telethon Institute for Child Health Research, 
Centre for Child Health Research, The University of Western Australia, PC Box 
855, West Perth, WA 6872, Australia 

Full list of author information is available at the end of the article 

O© 2012 Sun et al.; licensee BioMed Central Ltd. This is an Open Access article distributed under the ternns of the Creative 
BIOIVIGCI CCntrBl commons Attribution License (httpy/creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original w/ork is properly cited. 



Sun et al. BMC Infectious Diseases 201 2, 1 2:366 
http://www.biomedcentral.com/1471-2334/12/366 



Page 2 of 9 



Background 

Otitis media (OM) is one of the most common diseases 
of childhood [1]. Otitis media with effusion (OME), re- 
current acute otitis media (AOM) and chronic suppura- 
tive otitis media (CSOM) can lead to impaired hearing 
which in turn can affect school performance and hence 
social circumstances in adulthood [2]. An estimated 10- 
20% of children suffer > 3 attacks of OM in the first year 
of life in first world settings [3]. Among Aboriginal Aus- 
tralians, OM begins at a younger age and the prevalence 
of OM and serious complications (in particular CSOM) 
is higher than in non- Aboriginal children [4,5]. By 14 
years of age Aboriginal Australians can expect to have 
suffered an average of 24 months of OM in contrast to 3 
months in non-Aboriginal children [6]. Our own study 
conducted in the Kalgoorlie-Boulder region of Western 
Australia (WA) found the peak prevalence of OM 
was 72% at age 5-9 months in generally asymptomatic 
Aboriginal children and 40% at age 10-14 months in 
non-Aboriginal children [5]. Furthermore, on routine 
examination, 60% of generally asymptomatic Aboriginal 
children had hearing loss >25 decibels at 6-24 months of 
age compared with 22% of non- Aboriginal children [5]. 

Streptococcus pneumoniae (Pnc), nontypeable Haemo- 
philus influenzae (NTHi), and Moraxella catarrhalis 
(Meat) are the most important bacterial pathogens asso- 
ciated with OM [4,7-9]. Upper respiratory tract (URT) 
carriage rates of these pathogens are higher in Aborigi- 
nal children than in non-Aboriginal children and onset 
of bacterial colonization occurs soon after birth in Abo- 
riginal children [4,9,10]. In our Kalgoorlie study, carriage 
rates of Pnc, NTHi and Meat at 1-3 weeks of age were 
18%, 12% and 17%, respectively, in Aboriginal children 
and 3%, 2% and 6% in non-Aboriginal children; carriage 
rates of Staphylococcus aureus (Sa) were high in both 
Aboriginal (55%) and non-Aboriginal (61%) children [9]. 

Several studies have reported that early onset of URT 
bacterial carriage increases the risk of subsequent OM. 
In the USA, children colonized with any of the 3 major 
respiratory pathogens at age < 3 months were approxi- 
mately twice as likely to suffer their first episode of OM 
before the age of 6 months than if colonized later [11]. 
In a study conducted in a tropical region of the North- 
ern Territory (NT) of Australia involving 2-4-weekly 
nasopharyngeal carriage and ear assessments in a birth 
cohort of Aboriginal infants living in a remote area and 
a birth cohort of non-Aboriginal infants living in an 
urban area, early dual carriage of Pnc and NTHi was 
associated with a 33-fold higher risk of OM compared to 
that in children with early carriage of only one or none 
of these pathogens [4]. Our Kalgoorlie Otitis Media Re- 
search Project (KOMRP) was conducted between 1999 
and 2005 to investigate causal pathways to OM [12]. In 
this study we investigated not only microbiological 



factors, but also environmental, demographic and socio- 
economic factors that might predispose children to OM 
in order to identify appropriate interventions to reduce 
the burden of OM [13,14]. Compared with the NT study, 
we enrolled a larger birth cohort of Aboriginal and non- 
Aboriginal children, all living within the same broad 
urban and peri-urban areas in a semi-arid climate and 
we followed them for 2 years. The availability of infor- 
mation on a broad range of risk factors enabled the in- 
vestigation of associations between early onset of 
carriage and subsequent OM over the first two years of 
life while controlling for potential socioeconomic and 
environmental confounders. Here we present results on 
the subset of children participating in the KOMRP who 
had a nasopharyngeal sample collected during the first 3 
months of life and at least one subsequent clinical exam- 
ination of their ears [12]. 

Methods 

Setting and study population 

Kalgoorlie-Boulder is a mining town located 600 km east 
of WA's capital, Perth. The population is approximately 
32,000 with an estimated 8% being of Aboriginal descent 
[15]. The climate is dry with minimum and max- 
imum average temperatures ranging from 5°C to 18°C 
and 17°C to 34°C, respectively, and an average annual 
rainfall of 265 mm [16]. 

Study design 

A detailed description of methods used in this study has 
been reported elsewhere [12]. Briefly, 100 Aboriginal 
and 180 non- Aboriginal children born in Kalgoorlie Re- 
gional Hospital between April 1999 and January 2003 
and living within an hour's drive of Kalgoorlie-Boulder 
were followed from birth to age 2 years. Multiple births, 
children with severe congenital abnormalities or birth 
weight < 2000 g and mothers not intending to live in the 
area for 2 years were excluded. 

An initial evaluation was conducted 1-3 weeks post- 
partum in potential participants' homes when we sought 
informed consent and collected a nasopharyngeal aspir- 
ate (NPA) to identify bacteria and viruses, demographic 
data and information on potential risk factors for OM 
(e.g. smoking in the household, feeding practices, num- 
ber of people living in the household, number of rooms 
in the house) using standardized structured interview 
questionnaires [9,12]. Subsequent follow-ups by research 
assistants were scheduled at ages 6-8 weeks, and 4, 6, 
12, 18 and 24 months and conducted in the project 
office or in the participants' homes. During these visits 
NPAs were collected and we enquired again about time- 
dependent factors such as feeding practices. Following 
NPA collection, 1 ml of saline was added to the speci- 
men. A 0.5 ml volume of mucus plug, or, if no visible 
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plug the gently mixed specimen, was pipetted into 1 ml 
of skim milk-tryptone-glucose-glycerol broth and kept at 
-20°C for up to 72 hours before transporting to Perth 
where they were stored at -70°C until processed. 

From July 2001 onwards, 7-valent pneumococcal con- 
jugate vaccine (PCV) was offered at ages 2, 4 and 6 
months to Aboriginal participants through a national 
immunization program and we also offered it to our 
non- Aboriginal study participants. 

Details of clinical assessments of children's ears are 
described elsewhere [5]. Briefly, an ear, nose and throat 
(ENT) specialist conducted a clinical examination once 
before 6 months of age, and again at ages 6-11 and 12- 
23 months. Diagnosis was established using otoscopy, 
pneumatic otoscopy and tympanometry, was based on 
the child's most severely affected ear, and was classified 
according to national clinical guidelines at the time [17]. 
From May 2000 onwards, research assistants also per- 
formed tympanometry in children aged 3 months or 
more at every scheduled routine follow-up visit con- 
ducted in the project office or in participants' homes. All 
tympanograms were classified by an ENT specialist (HC) 
or an audiologist (SW) according to standard criteria 
[2,18]. A type A tympanogram indicates an aerated mid- 
dle ear, type B the presence of middle ear effusion or a 
perforation and type C eustachian tube dysfunction. If 
tympanometry could not be assessed in one ear, then the 
classification for tympanometry was based on the result 
for the other ear. 

Laboratory methods 

Full details of laboratory methods, including those used 
to identify bacteria, have been reported previously [9]. 
Ten microL of each sample was inoculated onto the fol- 
lowing media: horse blood agar, chocolate agar contain- 
ing bacitracin (300 mg/L), vancomycin (5 mg/L) and 
clindamycin (0.96 mg/L) and colistin nalidixic acid blood 
agar plates (Oxoid, Australia) [9]. 

Data analysis 

Data analyses were performed using SPSS (version 15.0 
for Windows). Logistic regression models, incorporating 
generalised estimating equations to account for a loss of 
independence due to repeated measures on individual 
children, were used to generate odds ratios to describe 
the relative likelihood of OM (diagnosed from day of 
specimen collection onwards) in children who experi- 
enced early bacterial carriage compared to children with 
no early carriage. Limited sample size precluded investi- 
gation according to severity of OM. The same analytical 
methods were used with type B tympanogram as the 
outcome of interest. All analyses were adjusted for age, 
age-squared and sex. The age-squared term is included 
to better capture the observed non-linearity of OM 



incidence with age in our models. Potential confounders 
were divided into 2 groups. The first group comprised 
breast-feeding (exclusive breast-feeding at age 6-8 
weeks) and environmental factors i.e. exposure to envir- 
onmental tobacco smoke (ETS, inside or outside the 
house), a crowding index (number of people/room) and 
presence of other children in the house, whilst the sec- 
ond group consisted of simultaneous carriage of other 
bacteria (Pnc, NTHi, Meat and Sa as appropriate). Ana- 
lyses were adjusted for carriage of Sa in view of the high 
colonization rates with Sa in this population [9] and a 
possible role of Sa in OM [10,19]. The two groups of 
confounders were first entered separately into the re- 
gression models followed by a final model containing all 
variables. The crowding index was divided into quintiles 
for Aboriginal and non-Aboriginal children separately. 
PCV vaccination was not included as a potential con- 
founder because the first dose of three in the PCV 
schedule is given at 2 months of age which is too early 
to have any influence on pneumococcal carriage under 3 
months of age. Separate analyses were conducted for 
Aboriginal and non-Aboriginal children. 

The number of otopathogens (Pnc, Meat, NTHi) iden- 
tified in children aged <1 month was too sparse to inves- 
tigate risk of OM associated with carriage in the first 
month of life. We therefore conducted analyses based 
on identification of pathogens (a) in one or other or 
both of the two NPAs collected before the age of 3 
months and (b) only in NPAs collected at age 1- < 3 
months. As the findings were broadly similar, we present 
results using bacteriology data obtained at 1- < 3 
months. 

Ethical approval 

Ethical approval to conduct this study was given by the 
WA Aboriginal Health Information and Ethics Commit- 
tee, the Northern Goldfields Health Service and Nursing 
Education Ethics Committee in Kalgoorlie, Princess 
Margaret Hospital for Children Ethics Committee and 
the Confidentiality of Health Information Committee of 
the Health Department of WA. 

Results 

Study participants 

Eighty Aboriginal children had NPAs collected at age 1- 

< 3 months of whom 66 (83%) had at least one clinical 
examination by an ENT specialist between the time of 
NPA collection and age 2 years; 171 non-Aboriginal chil- 
dren had NPAs collected of whom 146 (85%) had at least 
one clinical examination. A total of 133 clinical examina- 
tions were performed between the NPA collection at 1- 

< 3 months and age 2 years in Aboriginal children (37% 
before age 6 months, 27% at 6-11 months and 35% at 
age 12-24 months) and 310 in non-Aboriginal children 
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(32% <6 months, 27% at 6-11 months and 41% at 12-24 
months), with a median of two clinical examinations in 
both Aboriginal and non-Aboriginal children. 

Upper respiratory tract carriage rates 

Among members of the KOMRP study population who 
had NPAs collected at 1- < 3 months and at least one 
subsequent clinical examination, 60% of Aboriginal chil- 
dren and 14% of non-Aboriginal children carried at least 
one of the otopathogens (Pnc, NTHi or Meat) at age 1- 
< 3 months. The carriage rates of individual pathogens 
were similar to those reported previously [9]: in Aborigi- 
nal children carriage rates of Pnc, NTHi and Meat were 
45%, 29% and 48%, respectively, and in non-Aboriginal 
children 14%, 5% and 18%, respectively. 17% of Aborigi- 
nal children carried both Pnc and NTHi, 30% both Pnc 
and Meat, and 18% NTHi and Meat; 12% carried all 3 
pathogens; corresponding figures in non-Aboriginal chil- 
dren were 2%, 6%, 2% and 1% (Table 1). At age 1- < 3 
months, Sa was isolated from 39% of NPAs collected 
from Aboriginal children and 47% of NPAs from non- 
Aboriginal children. 

Diagnosis of otitis media 

OM was diagnosed at least once in 71% (47/66) of the 
Aboriginal children and 43% (63/146) of the non- 
Aboriginal children who had an NPA collected and at 
least one clinical examination (Table 2). Of the 133 clin- 
ical examinations recorded in Aboriginal children 40 

Table 1 Carriage status at age 1- < 3 months of 
Streptococcus pneumoniae, nontypeable Haemophilus 
influenzae and/or Moraxella catarrhalis and presence or 
absence of otitis media (OM) in Aboriginal and non- 
Aboriginal children who had at least one clinical ear 
examination 

Micro-organism OM diagnosis^ 



Aboriginal n = 66 Non-Aboriginal n = 146 



Pnc*" 


NTHi " 


Meat** 


Yes (%) 


No (%) 


Yes (%) 


No (%) 


+ 


+ 


+ 


7(87) 


1 (13) 


2 (100) 


0(0) 


+ 


+ 




3 (100) 


0(0) 


1 (100) 


0(0) 


+ 




+ 


9(75) 


3 (25) 


4(57) 


3 (43) 




+ 


+ 


4 (100) 


0(0) 


1 (100) 


0(0) 


+ 






4(57) 


3 (43) 


2 (20) 


8 (80) 




+ 




4 (80) 


1 (20) 


0(0) 


4 (100) 






+ 


7(87) 


1 (13) 


11 (65) 


6(35) 








9(47) 


10(53) 


42 (40) 


62 (60) 



' Otitis media (OM) diagnosed once or more from time of specimen collection 
at age 1 - < 3 months until last clinical examination before 2 years of age. 
^ Streptococcus pneumoniae. 

l-ioemophilus influenzae. 
^ i^oraxella catarrhalis. 
+ pathogen present. 
- pathogen absent. 



(30%) were normal, 15 (11%) had a diagnosis of eusta- 
chian tube dysfunction (ETD), 63 (47%) had OME, 9 
(7%) AOM with or without perforation and 6 (5%) 
CSOM. The corresponding figures among 310 events 
documented in non-Aboriginal children were 188 (61%), 
31 (10%), 80 (25%), 11 (4%) and 0 (0%). As reported pre- 
viously for all the KOMRP study participants [5,14], 
compared with non- Aboriginal children, more Aborigi- 
nal children were exposed to ETS, fewer were breast-fed 
at 6-8 weeks postpartum and they lived in more 
crowded households (Table 2). 

Bacterial colonization and risk of OM 

Table 1 shows the carriage of Pnc, NTHi and/or Meat 
individually or concurrently at 1- < 3 months of age in 
children with and without a diagnosis of OM during the 
study period. Simultaneous carriage of two or more of 
these pathogens was very common in Aboriginal chil- 
dren, such that only 23% (n = 7) of all Pnc, 25% (n = 8) 
of Meat and 25% NTHi (n = 5) were isolated in the ab- 
sence of the other otopathogens, in contrast to 50% (n = 
10) of all Pnc, 63% of Meat (n = 17) and 50% (n = 4) of 
NTHi in non-Aboriginal children. In those who carried 
Pnc, NTHi or Meat at age 1- < 3 months, OM was diag- 
nosed respectively at least once in 77%, 90% and 84% of 
Aboriginal children and 45%, 50% and 67% of non- 
Aboriginal children. Nine of the 10 children carrying all 
three otopathogens simultaneously at age 1- < 3 months 
developed OM, all nine children who simultaneously 
carried either Pnc and NTHi or NTHi and Meat devel- 
oped OM, while 13 (68%) of the 19 children who simul- 
taneously carried Pnc and Meat developed OM. In 
contrast, if none of the three otopathogens was isolated 
at 1- < 3 months of age, 47% of Aboriginal and 40% of 
non-Aboriginal children were diagnosed with OM on 
one or more occasions. None of the four non- Aboriginal 
children who carried NTHi alone developed OM. 

Table 3 shows the associations between early carriage 
of Pnc, NTHi, Meat or Sa and subsequent risk of OM, 
first adjusted only for age and sex, then for the presence 
of the other bacterial pathogens of interest, then for en- 
vironmental factors, and finally for all potential confoun- 
ders. When comparing children with early onset of 
carriage to those without early carriage, the early car- 
riage of any of the otopathogens (Pnc, NTHi and Meat), 
either alone or in conjunction with one or both of the 
others, was associated with an increased risk of subse- 
quent OM in Aboriginal children after adjusting for age, 
sex and the presence of the other bacterial pathogens. 
This increased risk declined after adjustment for envir- 
onmental factors (odds ratio (OR) from 3.68 to 2.44). In 
non- Aboriginal children, there was a small positive asso- 
ciation between early carriage of any otopathogen and 
subsequent risk of OM, with no difference in odds ratios 
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Table 2 Demographic and environmental characteristics, and proportion of children with otitis media diagnosed at 
least once in Aboriginal and non-Aboriginal children who had NPA collected at 1- < 3 months and at least one 
subsequent clinical examination for otitis media before age 2 years 


Predictor variable 


Aboriginal 


non-Aboriginal 


p value * 




n = 66 


n = 146 




Male 


39 (59.1%) 


75 (51.4%) 


0.30 


OM diagnosed at least once 


47 (71.2%) 


63 (43.2%) 


0.0002 


Exposure to environmental tobacco smoke 


38 (59.4%) 


58 (39.7%) 


0.009 


Exclusive breastfeeding 5-8 weeks postpartum 


31 (47.0%) 


94 (54.8%) 


0.13 


Crowding index (>1 person per room) 


46 (69.7%) 


19 (13.0%) 


<0.0001 


Other children living in the house 


49 (74.2%) 


72 (49.3%) 


0.0007 



Discrepancies between total numbers of children for different variables are the result of missing data. 
* P values are for comparisons between Aboriginal and non-Aboriginal children. 



between the different models; the fully adjusted OR for 
early carriage and risk of OM was 1.42 (95% confidence 
interval (CI) 0.78-2.56). 

We then considered individual bacterial pathogens. 
There was no association between early carriage of Pnc 
and OM in either Aboriginal or non- Aboriginal children. 
In non- Aboriginal children, isolation of Meat at age 1- 
< 3 months increased the risk of developing OM and 
there was little change in odds ratios after adjusting for 
confounders (OR =2.63, 95% CI 1.32-5.23). We found 
no association between early Meat carriage and risk of 
OM in Aboriginal children. In contrast, early NTHi car- 
riage increased the risk of developing OM in Aboriginal 
children (OR = 3.71, 95%CI 1.22-11.23 after adjustment 
for all potential confounders) but not in non- Aboriginal 
children. The OR for increased risk of OM associated 
with NTHi carriage in Aboriginal children fell from 5.32 
(when adjusted for age, sex and presence of the other 
three pathogens) to 3.71 after adjusting further for envir- 
onmental factors. Finally, there was a suggestion of a 



protective effect of Sa carriage in Aboriginal children 
(OR = 0.52, 95%CI 0.20-1.33 after adjusting for all 
confounders). 

Tympanometry 

Seventy-one Aboriginal children and 160 non-Aboriginal 
children had had NPAs collected at age 1- < 3 months 
and tympanometry assessments from age 3 months on- 
wards; 583 assessments (131 in Aboriginal and 452 in 
non-Aboriginal children) were performed by research 
assistants at routine field follow-up visits and 342 assess- 
ments (99 in Aboriginal children and 243 in non- 
Aboriginal children) were performed by audiologists at 
routine ENT clinics. In Aboriginal children 73 (32%), 
125 (54%) and 32 (14%) were types A, B and C, respect- 
ively; corresponding figures in non-Aboriginal children 
were 418 (60%), 158 (23%) and 119 (17%). Of the Abori- 
ginal children, 58 (82%) had a type B tympanogram on 
at least one occasion while 88 (55%) non-Aboriginal 
children had a type B tympanogram at least once. The 



Table 3 Association between carriage of Streptococcus pneumoniae, nontypeable Haemophilus influenzae, Moraxella 
catarrhalis and Staphylococcus aureus individually or any of the otopathogens at age 1 - < 3 months and subsequent 
diagnosis of otitis media adjusting for age and sex, presence of other bacteria, and environmental factors 



Adjusted factors 


Aboriginality 


Any otopathogen^ 


S. pneumoniae 


M. catarrhalis 


H. influenzae 


S. aureus 






OR (9S%CI)'' 


OR (95%CI) 


OR (95%CI) 


OR (95%CI) 


OR (95%CI) 


Sex and Age only 


Aborigina 


3 86 (1 61-9 24) 


1.39 (0.64-3.01) 


1 .97 (0.89-4.39) 


5 32 (212-13 35) 


0.64 (0.26-1.56) 




Non-Aboriginal 


1.47 (0.80-2.71) 


1.12 (0.50-247) 


2.57 (1 35-4 91) 


1.1 (0.36-3.42) 


1.02 (0.58-1.77) 


Presence of other bacteria 


Aborigina 


3 68 (1.51-8.96) 


0.86 (0.39-1.93) 


1 .72 (0.74-3.96) 


5 32 (1 95-1449) 


0.6 (0.25-1 .47) 




Non-Aboriginal 


1 .48 (0.80-2.72) 


0.77 (0.32-1.88) 


2.81 (1.40-5 61) 


0.96 (0.33-2.83 ) 


1.06 (0.61-1.86) 


Environmental factors'^ 


Aborigina 


2.54 (0.93-6.93) 


1.14 (0.49-2.65) 


0.81 (0.29-2.27) 


3.66 (1 31-10.25) 


0.54 (0.22-1.33) 




Non-Aboriginal 


1.41 (0.78-2.55) 


1.07 (0.51-2.28) 


2.42 (1 31-4 48) 


0.87 (0.32-2.39) 


1.06 (0.58-1.93) 


All confounders 


Aboriginal 


2.44 (0.88-6.78) 


0.84 (0.32-2.17) 


1.02 (0.34-3.10) 


371 (1 22-11 23) 


0.52 (0.20-1.33) 




Non-Aboriginal 


1 .42 (0.78-2.56) 


0.81 (0.33-2.00) 


2.63 (1 32-5 23) 


0.80 (0.30-2.09) 


1.05 (0.58-1.91) 



All associations adjusted for sex, age and age . 

^ Any otopathogen includes one or more of S. pneumoniae, nontypeable Haemophilus influenzae and Moraxella catarrhalis. 

^ Odds ratio and 95% confidence interval comparing the odds of diagnosis of OM between those who carried the respective organisms at age 1- < 3 months and 
those who did not. 

^ Environmental factors are: passive smoking, crowding, other children living in the house and also exclusive breast-feeding at 6-8 weeks. 
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median number of tympanometry assessments was three 
for Aboriginal children and four for non-Aboriginal 
children. 

The same analyses as for a clinical endpoint of OM 
(using generalised estimating equation regression mod- 
els) were performed using type B tympanogram as the 
endpoint, except that we also controlled for the location 
where tympanometry was done (at field follow-up visit 
or at the ENT specialist clinic). ORs assessing early car- 
riage and subsequent risk of a type B tympanogram were 
broadly similar to those found for a clinical outcome of 
OM, although generally lower (Table 4). In Aboriginal 
children nasopharyngeal colonization with NTHi at age 
1- < 3 months was associated with subsequent type B 
tympanogram (OR = 5.35, 95% CI = 1.97-14.87) after 
adjusting for all confounders. In non- Aboriginal chil- 
dren, in contrast to our findings with clinical OM as the 
endpoint, there was no association between early 
colonization with Meat and subsequent type B tympano- 
gram (OR = 1.09, 95% CI = 0.60-2.00). 



Discussion 

To our knowledge, this is the first investigation of early 
bacterial carriage conducted simultaneously in young 
Aboriginal and non-Aboriginal children living in the 
same setting, in this case in an urban and peri-urban 
rural area of Western Australia. It is one of very few 
studies investigating associations between early carriage 
and subsequent OM, despite evidence to suggest that 
early URT carriage may affect development of long-term 
humoral and cellular immunity, which in turn can in- 
crease susceptibility to disease [20,21]. 

We have reaffirmed the high rates of single as well as 
multiple carriage of Pnc, Meat and NTHi from a young 



age in Aboriginal children and high rates of OM in both 
Aboriginal and non-Aboriginal children. Early nasopha- 
ryngeal carriage of one or more of the 3 otopathogens, 
and specifically NTHi, increased the risk of OM in 
Aboriginal children, while in non-Aboriginal children 
Meat was associated with an increased risk of OM as 
determined by full clinical examination but not by tym- 
panometry alone. The important contribution of envir- 
onmental factors to the high rates of OM in Aboriginal 
children [13,14] is emphasized by the observation of 
reductions in ORs for early carriage (NTHi or any oto- 
pathogen) and subsequent risk of OM when controlling 
for environmental factors (Table 3). 

We found no association between early carriage of ei- 
ther Pnc or Meat and risk of OM in Aboriginal children. 
This may be because it is only their carriage during the 
first month (rather than the first 3 months of life) that 
increases risk of OM, but our data were too sparse to re- 
strict analysis to carriage during the first month of life. 
Pnc and Meat carriage begins at a younger age than 
NTHi: by age 2 months, -40% of Aboriginal children 
had carried Pnc and/or Meat at least once compared 
with 27% for NTHi [9]. 

There were similarities and differences between the 
current study and the only other comparable study 
which was conducted among Aboriginal children in the 
NT [4]. Both studies identified the importance of early 
onset of URT carriage and risk of OM. However, in the 
NT study Aboriginal children were seen 2-4-weekly from 
birth and both carriage and ear health status were 
assessed at each visit. The primary endpoint in the NT 
study was time to first documented episode of OM 
(which occurred in all Aboriginal children in the NT be- 
fore the age of 3 months), while our primary endpoint 
was any diagnosis of OM up to age 2 years. Carriage 



Table 4 Association between carriage of Streptococcus pneumoniae, nontypeable Haemophilus influenzae, Moraxella 
catarrhalis and Staphylococcus aureus individually or any of the otopathogens at age 1 - < 3 months and subsequent 
type B tympanogram adjusting for age and sex, presence of other bacteria, and environmental factors 



Adjusted factors 


Aboriginality 


Any otopathogen^ 


S. pneumoniae 


M. catarrhalis 


H. influenzae 


S. aureus 






OR (95%CI)'' 


OR (95%CI) 


OR (95%CI) 


OR (95%CI) 


OR (95%CI) 


Sex and Age only 


Aboriginal 


2.21 (0.91-5.42) 


1.16 (O.SS-2.17) 


1 .60 (0.74-3.48) 


4.58 (1.98-10.59) 


0.61 (027-1.39) 




Non-Aboriginal 


1 .36 (0.84-2.22) 


1.59 (0.87-2.91) 


1 .42 (0.86-2.34) 


0.97 (0.32-2.97) 


0.92 (0.57-1.48) 


Presence of other bacteria 


Aboriginal 


2.07 (0.82-5.22) 


0.67 (0.33-1 .38) 


1.63 (0.79-3.36) 


5 51 (2.41-12.58) 


0.51 (0.24-1.09) 




Non-Aboriginal 


1.36 (0.83-221) 


0.86 (0.29-2.58) 


1 .28 (0.73-2.26) 


1 .48 (0.75-2.93) 


0.97 (0.60-1.55) 


Environmental factors'^ 


Aboriginal 


1.56 (0.51-4.74) 


0.99 (043-2.27) 


0.68 (0.23-1.98) 


4 31 (1.64-11.32) 


0.61 (0.25-1.54) 




Non-Aboriginal 


1.12 (0.66-1.88) 


1 .33 (0.75-2.37) 


1.16 (0.66-2.05) 


0.90 (0.27-3.02) 


0.90 (0.52-1.55) 


All confounders 


Aboriginal 


1 .56 (0.52-4.68) 


0.66 (0.32-1.36) 


0.99 (0.33-2.93) 


5 35 (1.97-1487) 


0.45 (0.18-1.13) 




Non-Aboriginal 


1.11 (0.60-1.87) 


1.31 (0.70-2.43) 


1 .09 (0.60-2.00) 


0.83 (0.24-2.90) 


0.92 (0.54-1.58) 



All associations adjusted for sex, age, age and where tympanometry was conducted (field or clinic). 

^ Any otopathogen includes one or more of S. pneumoniae, nontypeable Haemophilus influenzae and Moraxella catarrhalis. 

Odds ratio and 95% confidence interval comparing the odds of having a type B tympanograms between those who carried the respective organisms at 
age 1- < 3 months and those who did not. 

^ Environmental factors are: passive smoking, crowding, other children living In the house and also exclusive breast-feeding at 6-8 weeks. 
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rates of single and multiple pathogens were even higher 
in the NT study than in ours; hence, in the NT study it 
was more difficult to investigate the contribution of indi- 
vidual otopathogens to subsequent disease than in our 
present study. Our lower carriage rates are unlikely to 
be due to differences in laboratory methods as our la- 
boratory scientist (JB) was trained by colleagues in the 
NT and used the same methods throughout. The most 
likely explanation for differences in carriage rates be- 
tween the two study populations is the somewhat better 
socioeconomic status in our urban/peri-urban WA com- 
munity than that on a remote island in the NT, also 
reflected in the higher prevalence of OM and CSOM in 
the NT community than in our study population [4,5]. 

The positive association between early carriage of 
Meat, but not Pnc or NTHi, and OM in the non- 
Aboriginal children in our study is consistent with find- 
ings in non-indigenous North American children [11]. 
However, we did not find an association between early 
Meat carriage and presence of middle ear effusion as 
determined by type B tympanogram, possibly because 
we were identifying milder forms of OM using tympano- 
metry at routine follow-up in the field than in the clinic 
setting. Of the three otopathogens, Faden et al. found 
that early carriage (defined as <3 months) of Meat was 
the most strongly associated with early onset of OM, 
though the authors also reported that early carriage of 
any pathogen resulted in earlier onset of OM [11]. In 
our study, there was a small positive association between 
early carriage of any pathogen and risk of clinical OM in 
non- Aboriginal children. The lack of association in non- 
Aboriginal children between early NTHi carriage and 
subsequent OM is most likely due to the small number 
of NTHi isolated before age 3 months (total of 8 of 
which only 4 were isolated in absence of other otopatho- 
gens). Similarly, the lack of association between early 
Meat carriage and subsequent OM in Aboriginal chil- 
dren in our study is likely to be the small number (8) of 
Meat isolated alone in this population (37% of all Meat 
were isolated together with Pnes, 13% with NTHi and 
25% with both Pnc and NTHi). This is in contrast to 
non-Aboriginal children in whom 63% of all Meat (17/ 
27) were the only otopathogen isolated from an NPA 
sample. To our knowledge there are no data available to 
explain in biological terms why one pathogen is more 
likely to predispose to OM than another. 

Our findings suggest that carriage of more than one 
bacterial pathogen is more likely to result in OM than 
carriage of a single pathogen (Table 1). However, in view 
of the small number of isolates detected at an early age 
and the limited number of subsequent clinical examina- 
tions, we were unable to conduct formal statistical ana- 
lyses to investigate this further. Nevertheless, a strength 
of our study was that we were able to use type B 



tympanogram to confirm our analyses using clinical 
diagnosis of OM as an endpoint. 

In addition to the limited sample size, there are several 
other limitations or potential biases in this study. Firstly, 
we were not able to conduct a clinical examination every 
time an NPA was collected due to lack of available spe- 
cialist personnel, though we were able to conduct tym- 
panometry at the same time as NPA collection from age 
3 months onwards. Secondly, in view of the long period 
of follow-up required, it is possible that we did not en- 
roll children at greatest risk of OM, since we did not en- 
roll children whose families were not intending to stay 
in the area for 2 years. We previously looked at how rep- 
resentative our KOMRP study population (of which our 
present data form a subset) was of the general popula- 
tion in the area: there were more teenage Aboriginal 
mothers, non-Aboriginal parents were older and non- 
Aboriginal mothers were less likely to smoke in preg- 
nancy than the general population [12] .Thirdly, while all 
children were asked to attend a clinic 3 times over 2 
years for routine examination, it is possible that those 
who attended were sicker children seeking medical at- 
tention. Conducting tympanometry during routine field 
follow-up visits helped address this potential bias. Fi- 
nally, we cannot exclude the possibility of residual 
confounding. 

The results reported here were part of a broader study 
investigating causal pathways to OM, allowing us to con- 
trol for important environmental factors. It would now 
be important to consider the role that high bacterial load 
and/or mixed infections (bacterial-bacterial and viral- 
bacterial) at a young age may play in subsequent risk of 
OM [10] in a larger cohort of both Aboriginal and non- 
Aboriginal children [4,22-24]. 

Conclusion 

This study provides further evidence that early onset of 
bacterial carriage, and specifically NTHi carriage, 
increases risk of OM during the first two years of life in 
Aboriginal children. Furthermore, the study has shown 
for the first time the importance of early carriage of 
Meat as a potential risk factor for OM in non- 
indigenous Australian children. The results of our study 
reinforce the need for early interventions to reduce early 
onset of carriage in order to reduce the burden of OM. 
Given the association of early NTHi carriage and subse- 
quent OM in Aboriginal children, early administration 
of pneumococcal-//, influenzae D protein conjugate vac- 
cine may offer additional benefit. A trial investigating 
the safety and immunogenicity of such an approach in 
Aboriginal children, with carriage and OM as secondary 
outcomes, has recently begun in the NT (http://www. 
anzctr.org.au/trial_view.aspx?ID=335348). Promotion of 
hand hygiene among those handling young infants will 
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help reduce URT carriage and hence OM. Improved 
housing for Aboriginal people to reduce overcrowding is 
essential as we have previously shown crowding to be 
the single most important and consistent risk factor 
for URT carriage [13] which in turn leads to high rates 
of OM. 
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